METHODS
Adult cats were decerebrated under ether anesthesia at the pre-or post-collicular level. The carotid arteries were tied in both sides in case of lumbar studies, and in trigeminal studies only one side was tied, the other side being occluded for about 5 minutes during decerebration procedures. They were immobilized by Flaxedil and artificially respirated.
Often the air was mixed with oxygen (less than 21/min The systemic blood pressure was measured from the carotid or femoral artery in some of the experiments. on lumbar motoneurons.
The spinal cord was exposed by laminectomy at L4 to S2 level. The L7 ventral root was cut and mounted on two silver wire electrodes for recording and/or stimulation. The cut end was tied with the cotten thread and used as reference.
To reduce the movements of the cord, the body of L5 vertebra, spinous process of L4 vertebra and the ileum were clamped.
Collar type electrodes15) were implanted for stimulating the following nerves: peroneal (PER), gastrocnemiussoleus (GS), posterior biceps-semitendinous (PBST), quadriceps (Q) and sural (SUR) floor. To evaluate the amount of the incoming volley from the masseter nerve , nerve potential was recorded from an electrode placed on the ventricle floor near the trigeminal nerve outlet. To record and activate the jaw opening reflex responses of the anterior belly of the digastric muscle and mylohyoid muscle , bipolar silver electrodes were placed on the nerve innervating these muscles and the inferior dental nerve . For the latter, the mandibular canal was opened . The head and lumbar regions were warmed by radiant heat.
For stimulation, Nihon Kohden MSE-3 and MSE-40 types with isolating units were used. Recording equipment was the same as used for the intracellular studies of other cells in our laboratory28).
Motoneuron identification. The intracellular response of the lumbar motoneuron was conventionally identified by the antidromic IS-SD spike after L7 ventral root shock (0.01 msec duration pulse) (ref. 6) . Whether the penetrated cell belongs to the extensor or flexor (LE or LF) was determined by distributions of the monosynaptic EPSPs from the dissected peripheral nerves.
Similarly, motoneurons of the jaw closing muscles were identified by the antidromic IS-SD spike without preceding synaptic potentials after the shock to the masseter nerve (0.01 msec duration) , as seen in FIG. 1C . The latency of the antidromic spike was less than 1 msec (m=0.78 msec, n=32).
In the absence of the antidromic response' when the shock intensity reduced, there appeared often the synaptic potential , occasionally with spikes superposed at the peak, as seen in the earlier spike of FIG . 1A. The latency for the depolarization was 1.8 msec (m=1 .62 msec, n=21). Therefore, this potential is regarded as the monosynaptic EPSP, presumably from the primary ending of the muscle spindle of the masseter muscle (details of the time relations will be a subject of the separate paper). The EPSP of the similar time course was observed after the mesencephalic tract stimulation, though the latency was shorter (cf . FIG. 3A when the hyperpolarizing current was passed through the recording electrode, the cutaneous hyperpolarization changed into the depolarization, as shown in FIG. 5 E and F from a LF neuron. Fig. 5 illustrates also the change of the IPSP of direct inhibition in which shift to a depolarizing type by KCl and hyperpolarizing current is shown. In the case of hind-limb neurons, this IPSP was often preceded by the depolarizing response at the onset, as illustrated in two traces of the third line of FIG. 2 (FLEX-2) .
But in the trigeminal neurons this preceding depolarization was never encountered.
In the trigeminal, a shock to the hind-limb cutaneous nerve gave rise to a similar IPSP of longer latency (14 msec , FIG.  3 B3) . In both neurons, the rebound depolarization after the IPSP, with or without spike potential at the peak, was occasionally observed.
The early depolarization (EPSP) of the lumbar neuron was seen in both LF and LE neurons and had a latent period of about 15-20 msec. Spike was sometimes initiated at the peak. The corresponding ventral root discharges were often noticed in the L7 root, though small in size. Due to consistent time relations of the EPSP latency of the flexor neurons with the spino-bulbo-spinal (SBS) reflex24), this EPSP of flexors is considered as that responsible for the SBS reflex.
In some flexor and extensor lumbar neurons, the depolarizations without later IPSP as in FIG. 2 EXT-2 were seen. Its peak was approximately the same as the hyperpolarizing response. Such EPSP was not encountered in the trigeminal neurons.
Occasionally there was noted a late hyperpolarization after the abovementioned IPSP had returned to the original membrane potential level of which peak time was about 120 msec (trigeminal neuron) or about 200 msec (lumbar neurons) (not illustrated).
Natures of this potential were not studied. The size of the monosynaptic reflex of the peroneal nerve (A, B) and that of gastrocnemius-soleus nerve (C) was plotted in one cat against the intervals between conditioning superficial radial nerve shock and testing hindlimb nerve shock.
The MSRs were supramaximally evoked. The superficial radial nerve (R, L) was stimulated supramaximally for low threshold fibers. The response was recorded from the L7 ventral root. relation in this semi-logarithmic graph was noted between the size and frequency.
In the trigeminal neurons, a similar linear relation was also observed, but its half decay frequency was slightly high, falling between 10 and 20 cycles/sec.
Interactions
with the reflex mass response. In order to assess the inhibitory influence from the superficial radial nerve, the reflex mass responses of hind- limb and trigeminal neurons were conditioned by the cutaneous shock. The monosynaptic reflexes (MSR) recorded from the L7 ventral root after shocks to the gastrocnemius-soleus and peroneal nerves and the monosynaptic reflex of the masseter nerve from the mesencephalic tract were tested.
In all these reflexes, the depression took a time course similar to that of the respective IPSP.
An example of the MSR depression of lumbar motoneurons of one cat was illustrated in FIG. 9 . In A and B, the MSR of the peroneal nerve was conditioned by right (A) and left (B) SR nerve stimulations.
In C, the MSR from the gastrocnemius-soleus nerve was conditioned by the right SR as in A. It is noted in these three curves that the time course of the depression was approximately similar to that of the IPSP (cf . FIG. 2) . The MSR depression started about 40 msec after the cutaneous shock, reaching maximum at about 20 msec and returned to the control value more than 120 msec later.
The MSR depression of the masseter nerve was illustrated in FIG. 10A , which also showed a similar time course to the IPSP (cf . FIG. 3) .
In order to see whether the cutaneous depression is extended to the jawopening muscle action, the reflex of the nerve innervating to both the anterior belly of the digastric muscle and mylohyoid muscle in response to the inferior dental nerve shock was tested.
Since this response appeared with a latency of more than 3.0 msec, this is regarded as the polysynaptic reflex (DM). The reflex jaw-opening action was described by SHERRINGTON"), and it is elicitable from the mucous membrane areas of the mouth, including the gums,. teeth and hard palate4,9,22). One example of the reflex response is illustrated in the upper portion of FIG. 11 in which 2 repetitive nerve discharges are seen. The depression from the SR started at about 10 msec after the shock, reaching the maximum at about 30 msec and returned to the control value after 80 msec. The onset and peak times were similar to those of the IPSP of jaw-closing neurons and masseteric MSR depression.
This jaw-opening muscle depression is observed from either side of the SR. The jaw-opening muscle contraction was never evoked from both sides of the SR. From these reflex studies from the superficial radial nerve, it is clear that the superficial radial nerve includes the afferents capable of inducing the depressions of rather generalized type of flexor and extensor monosynaptic reflex activities and jaw-opening polysynaptic and jaw-closing monosynaptic reflex activities in the decerebrate cat.
Interactions with the monosynaptic EPSP of trigeminal neurons. Interactions of the cutaneous IPSP with the monosynaptically evoked EPSP was studied in the trigeminal neurons.
FIG. 12 illustrates 2 examples in which the monosynaptic EPSP from the masseter nerve (A-E) and from the mesencephalic tract (F-J) were conditioned by the SR shock. Lower traces of A and F are, respectively, the conditioning IPSP. Responses B and G are the monosynaptic EPSP evoked in isolation.
Responses C-E, and H-J show samples of testingconditioning series at different time intervals.
During the IPSP the monosynaptic EPSP decreased in size. In order to show clearly this inter-relation, the EPSP size was plotted in diagrams of FIG. 10A and B. When the EPSP was induced approximately at peak time of the IPSP, the EPSP was smaller, becoming respectively, 50% (A) and 90% (B) of the control EPSP (marked by small letter c in A and B). During the IPSP, the decay time of the EPSP was also influenced, becoming slightly faster.
The size reduction of the monosynaptic EPSP was also observed in the hind-limb neurons.
Similar changes of the monosynaptic EPSP by the IPSP are reported in the lumbar extensor neurons during reticular stimulation17).
These changes of the EPSP during early phase of the IPSP (quicker decay and smaller size) may be explained by the conductance change of the motoneuronal membrane caused by the IPSP. neurons of 3 cats. Persistence of the MSR depression of the tibial MSR after cerebellectomy was confirmed in one cat. In 5 cats in which a complete transection was made between the cervical cord and the medulla, intracellular recordings were obtained from 14 LE and 20 LF neurons. In no neurons the IPSP as above described were seen. Instead, in both LF and LE neurons were observed the EPSP with a shorter latency which agrees with the short latency facilitation of the hind-limb MSR obtained by LLOYD and MCINTYRE (10 msec) 18, 19 Absence of presynaptic inhibitory influence to the GIa primary afferent terminals in the lumbar cord . It was examined in the lumbar cord whether the presynaptic inhibitory mechanism8i7) is involved in the depression of the monosynaptic reflex, though the similarity of the time courses of the IPSP and of the MSR depression seems to exclude this involvement . Excitability of G-I fiber terminal of gastrocnemius-soleus and peroneal nerves was tested by WALL'S method29) after cutting the appropriate ventral roots and giving the shock to the motor nucleus region with a NaCl electrode . Even though the size increase of the G-I potential evoked by a shock to the motor nucleus was recognized after single shock to the PBST nerve (40%) , the increase after the IPSP'S FROM CUTANEOUS AFFERENTS superficial radial nerve shock was not observed. This negative result was confirmed in 4 cats. Therefore, it can be said that the terminal depolarization of the GIa fibers of the lumbar cord is not significantly contributing to the MSR depression from the superficial radial nerve.
There positive potential recorded at the dorsal surface of the spinal cord") which is evoked from the superficial radial nerve with similar latency (30 msec), may not be related with the depolarization of GIa fiber terminals.
DISCUSSION
In the decerebrate cat, a depressive influence from the superficial radial nerve was shown not only in the monosynaptic reflex of flexor and extensor motoneurons of the lumbar spinal cord and of the masseter nerve, but also in the polysynaptic reflex of digastric and mylohyoid muscles. Thus, this inhibitory effect is not of reciprocal nature but of generalized nature though the possibility is not completely discarded that the lumbar depression and trigeminal depression represent different mechanism.
Further, in the lumbar flexor and extensor motoneurons and in the trigeminal motoneurons of jaw-closing muscles the IPSP roughly corresponding in time course to the depression of monosynaptic reflex was shown. Though the polysynaptic reflex of the jaw-opening muscles was depressed similarly to the antagonizing muscle, it is not yet conclusive whether the IPSP is evoked in those motoneurons innervating the jaw-opening muscles.
The slower time course of the IPSP of lumbar motoneurons than of trigeminal motoneurons with respect to the rise time and decay time is not well explained.
The temporal dispersion of the IPSP impulse arrival at the lumbar motoneuron due to the conduction along the long axis of the cord may be one of possible factors.
In the previous paper it has been shown that the excitability of Group Ia afferent terminal is influenced from the brain stem3). Excitability test in the lumbar cord did not afford data which indicate the involvement of the presynaptic inhibitory mechanism in the inhibition from the cutaneous nerve. Therefore, depression of the monosynaptic reflexes is mediated primarily by the postsynaptic inhibitory mechanism.
Presynaptic inhibition is not studied yet in the trigeminal motoneurons though several papers appeared concerning the excitability changes of the trigeminal primary afferents5, 25, 26) .
The receptor of the cutaneous fibers for the IPSPs is not identified yet. Whether there is a specific receptor for the initiation of the motor depression is not known.
